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XIII Nuclei in the Cosmos

Introduction
Nearly sixty years after BBFH [1] , it is possible and necessary to review and rethink our knowledge about the neutron capture nucleosynthesis. The result of the formation of the nuclei is shown in the abundances. It is important to mention that the formed unstable nuclei have decayed into stable nuclei and we are only able to see the resulting stable nuclei.
"The success of any theory of nucleosynthesis has to be measured by comparison with the abundance patterns observed in nature." say Käppeler, Beer and Wisshak [2] , that is, we need to create such model that gives back the observed abundance.
Because of the formation of nuclei takes place in a variety of conditions, the experienced abundance is a result of more processes. Therefore more models are necessary for the alternate conditions. According to the conditions of the models the nuclei are classified into categories as s-nuclei, r-nuclei etc.
It seems that the reverse approach is also useful: the abundance is the preserver of the nuclei's formation conditions. So instead investigating whether the theoretical model fits the observed abundance, we look for the circumstances when the observed abundance is available.
To do this we need suitable data: the half-life of unstable nuclei and the neutron capture cross section of nuclei. These data are not constant always. At some nuclei the half-lives depend on the temperature [2, 3, 4] . Fortunately, the reaction rate per particle pair > σ < v is constant between 10 and100 keV because of the energy dependence of σ [2, 3] . So we can use the σ values at 30 keV [5] . The possible resonances only improve the capture capabilities.
The required neutron density
Change the nucleon identification from the usual (Z,A) to (Z,N) and see the individual abundances as well. We took the abundance of nuclei from [6] . This will allow us to read new information from the various measured abundances.
We use the following rate equations according to the requirements of the individual nuclei formation:
We also assume the equilibrium formation of nuclei. From the corresponding rate equations we can get the neutron density as in isotopic as in isotonic cases.
Isotopic case
Two stable neighbor isotopes
First let us we consider two stable neighbor isotopes (see Fig. 1 ), applying the new identification.
Fig. 1. Two stable neighbor isotopes
If we suppose the equilibrium that is 0 dt dN 2 = , we got
, what is well known in classical identification. So there is no information about the formation conditions. But it is important to mention that this relation is not true in general about the experienced abundances and neutron capture cross sections. The main cause is the existences of other rates from other channels through unstable nuclei.
Two stable isotopes are separated by an unstable isotope
A more interesting case is, when two stable isotopes are separated by an unstable isotope (see Fig. 2 ).
In this isotopic case the rate equations for the unstable nucleus:
If the third nucleus can form only from the second nucleus
About the equilibrium 0
, so such as the previous case we have 3 3 2 2 N N σ = σ From the tables we can see that the isotopic equilibrium is not always possible. This means that the formation of third nuclei has at least another channel.
Isotonic case
In this isotopic case (see Fig. 3 ) the rate equations for the unstable nucleus: If the third nucleus can form only from second nucleus
Beacause of the equilibrium 0 dt dN 3 = we get
The two equations
From this formula, we can get the neutron density value for equilibrium nucleosynthesis. 
The role of neutron density
We have the possible equilibrium neutron density at isotopic and isotonic cases as well. There is a big difference between the two cases. In isotopic case the increment of neutron density increases the amount of the third nuclei, but in isotonic case the increment of neutron density decreases the amount of the third nuclei. These result the shift of capture path (or capture band) toward neutron rich nuclei.
Partial formation of nuclei
We can see in the previous section that not all of the third nuclei can form from the first nuclei. But how much can be formed on this way?
Suppose that from the abundance of the first nuclei 
Given neutron density
After this theoretic investigation it is necessary to take a realistic approach. We can consider the inverse question: what part of third nuclei abundance is formed from the first nuclei abundance at given neutron density? ( 
In isotonic case:
Where n f and β f are the classical branching factors for neutron capture and beta decay.
So we have uniform functions in both isotopic and isotonic cases.
Mathematical analysis
It might be better to see these functions in logarithmic representation.
On Fig. 4 the two branching functions are:
, where x lg = ξ :
Fig. 4. The two branching functions in logharitmic scale
In this logarithmic representation the two functions become symmetric. Then we take the two logarithmic tangents at
Where these tangents take the value zero the isotopic formation of nuclei opens, and the isotonic formation of nuclei closes. Similarly, where the tangent takes value one, the isotopic formation is on and the isotonic formation is off. So we have got well-defined characteristics for both of the opening and closing cases.
We found a mathematical definition for the unified interpretation of a branching point closed at the isotonic case and open at the isotopic case.
The neutron density range
From the mathematical analysis we get the next values: All nuclei formation is available at a neutron density range between s-process and rprocess. This process is m-process (i-process) (medium or interMediate) [7, 8, 9, 10, 11] . The branching factor does not give the correct formation ratio. It gives the partial formation ratio:
Branching in a new point of view
(Data from KADoNiS [12], NNDC [13] .) The k is determined by f and R, where → as well. These are both simple cases with only one incoming channel.
Full network model
Fig. 7. The band of neutroncapture nucleosynthesis at AGP TP phase and at IP after TP
We can see in one unified model the entire possible neutron capture and decay processes [11, 14] . Here we can change the neutron density and other parameters. But more data is required here [5] . The formation of nuclei rather occurs along a band than along a path (see Fig.  7 ). The neutron capture band is only visible in logarithmic representation. The structure of band at 50 Z = , at tin isotopes is visible on Fig. 8 . Instead of the classical paths the paths are more like the ridge of the N σ value at given neutron density, in case of the neutron capture nucleosynthesis. There is s-path, r-path and between them are the m-paths on the Fig. 9 at different neutron density by the unified model [14] . The s-path is the theoretical edge of the paths at very low neutron density.
What does path mean at arbitrary neutron density?
Fig. 9. The different paths at different neutron density. The maximum values we took from isotonically (p) or isotopically (n). Here p8 and n8 refer to the
Experimental constraints: tellurium and technetium and iron
The isotope anomalies at tellurium [11] and xenon [15] or the presence or absence of the technetium in AGB stars [16, 17] can be explained with m-process. These depend on where the "path" is. We have found that the two "r-only" isotopes of tellurium ( Te 
Conclusion
All experienced isotope ratios can be obtained both at K 10 
